Background: Guidelines recommend that all patients with atrial fibrillation and a history of ischemic stroke should receive an anticoagulant. Prior analyses show that warfarin is underutilized in most populations. Objective: To examine the use of antithrombotic and anticoagulant therapy in patients with atrial fibrillation or flutter during the index hospitalization for acute, ischemic stroke. Methods: Retrospective electronic medical record review of 200 patients treated at a tertiary care hospital with a primary ICD-9 code for ischemic stroke and a secondary ICD-9 code for atrial fibrillation or flutter. Exclusion criteria were active bleeding, pregnancy, age less than 18, preexisting warfarin allergy, or dabigatran use. Results: Fifty-two percent of patients received at least one dose of warfarin during the index hospitalization. There was no relationship between CHADS 2 score and likelihood of receiving warfarin (P . .05). There was no significant difference in adverse event rate in patients receiving warfarin compared to those receiving aspirin (3.8% vs 9.1%; P 5 .14), but the rate of hemorrhagic transformation was lower in patients receiving warfarin (1% vs 7%; P 5 .03). The composite of hemorrhagic stroke or hemorrhagic transformation was significantly lower in patients receiving bridging therapy (0% vs 11%; P 5 .03). Sixteen patients were readmitted for stroke within 3 months of discharge. Ten were readmitted for ischemic stroke, 3 for hemorrhagic stroke or hemorrhagic transformation, and 3 for systemic bleeding. Ten patients (62.5%) were receiving warfarin at readmission, but only one of these patients had a therapeutic INR. Conclusions: Warfarin was underutilized as secondary stroke prophylaxis in these high-risk patients. Bridging therapy appeared to be safe and was not associated with an increase in adverse events.
A trial fibrillation (AF) is the most common arrhythmia and has an increasing prevalence with increasing age. The incidence is approximately 0.9% in the general population but 5.9% in those over the age of 65. 1 Nonvalvular AF is an independent risk factor for stroke, increasing the risk 5-fold. 2 Atrial flutter (AFL) also increases the risk of stroke, but possibly to a lesser extent than AF. 3 Stroke prophylaxis with antithrombotic therapy is recom-mended for patients with AF or AFL; possible therapies include anticoagulants such as warfarin sodium, dabigatran etexilate mesylate, and rivaroxaban and antiplatelet therapy such as aspirin (ASA) or the combination of ASA and clopidogrel sulfate.
The choice of antithrombotic therapy is determined by the patient's risk of stroke. The most commonly used scale for determining the risk of cardioembolic stroke in a patient with nonvalvular AF or AFL is the CHADS 2 scale, which assigns patients 1 point for having congestive heart failure (C), hypertension (H), age greater than or equal to 75 (A), and diabetes mellitus (D) and 2 points for previous transient ischemic attack (TIA) or stroke (S 2 ). 4 Until the approval of dabigatran in 2010, patients with a score of at least 2, which includes all patients with a prior ischemic stroke or TIA, were recommended to receive warfarin with a target international normalized ratio (INR) of 2 to 3. 3,5-7 Dabigatran is now also appropriate for stroke prophylaxis in these patients 8 and is the preferred oral anticoagulant in the most recent guidelines from the American College of Chest Physicians. 9, 10 Rivaroxaban, another potential option, was approved by the FDA for stroke prophylaxis in November 2011. The American Heart Association in conjunction with the American Stroke Association has recently issued a science advisory on oral antithrombotic therapy for the prevention of stroke in nonvalvular atrial fibrillation. 11 Both dabigatran and rivaroxaban are recommended as alternative agents to warfarin although the level of recommendation differs with dabigatran receiving a Class I recommendation and rivaroxaban receiving a Class IIa recommendation. 11 Clopidogrel and ASA may 9, 12 or may not 13 be used in patients who are unable to take warfarin. In clinical trials, dual antiplatelet therapy was inferior to warfarin but was associated with a decreased rate of stroke and an increased risk of bleeding relative to aspirin monotherapy. 14, 15 Studies conducted prior to the current AF guidelines found that warfarin was underutilized. One study of ambulatory care patients with AF found that only 55% of all patients who had no contraindications received warfarin. 16 Another evaluation found that only 40% of patients with AF, at least 1 other risk factor, and no contraindications were receiving warfarin prior to admission. 17 More recent studies suggest that warfarin may still be underutilized relative to guideline recommendations, with reported inpatient warfarin utilization rates of 56.2% to 74%. [18] [19] [20] [21] The use of full-dose, injectable anticoagulation after an acute stroke as bridging therapy to therapeutic warfarin is currently not recommended due to a lack of data showing net benefit. 5, 10, 22 In addition, any potential decrease in stroke recurrence may also be associated with an increased risk of bleeding at the site of the initial ischemic stroke, a phenomenon referred to as hemorrhagic transformation. 5, 13, 22 One small, retrospective analysis of treatment after an acute, cardioembolic stroke in patients who did not receive tissue plasminogen activator (tPA) found an increased incidence of favorable outcomes with the use of bridging therapy, but also showed an increase in delayed, symptomatic intracranial hemorrhage associated with low molecular weight heparin use. 23 
METHODS
This retrospective electronic medical record review was conducted at Methodist University Hospital, a 690-bed facility that is a Joint Commission certified primary stroke center. Methodist University Hospital is a primary adult teaching hospital for the University of Tennessee and is served by a mixture of academic and private physicians. Patients admitted between January 1, 2008 and December 31, 2010 were eligible for inclusion. A total of 200 patients were enrolled in reverse chronological order, with the most recently admitted patients enrolled first. The index hospitalization was defined as the initial admission during the study timeframe during which ischemic stroke was diagnosed. Patient medical records for all admissions within 3 months from discharge were reviewed for possible readmission due to stroke of any type or a bleeding event. This study was approved by the University of Tennessee Institutional Review Board, which is the official institutional review board for Methodist University Hospital.
Patients were included if they were at least 18 years old with diagnoses of acute, ischemic stroke and either concurrent or documented history of AF or AFL. Exclusion criteria were active bleeding at the time of stroke diagnosis, pregnancy, pre-existing warfarin allergy, and use of dabigatran. Patients were identified by a health informatics report with a primary ICD-9 code of ischemic stroke (434.91, 434.11, 434.01, 433.11, or 433.01) and a secondary ICD-9 code of AF (427.31) or AFL (427.32).
Antithrombotic therapies were defined as warfarin, ASA, clopidogrel or extended-release dipyridamole and ASA. Bridging therapy was defined as initiation of warfarin and concomitant treatment with unfractionated heparin intravenous infusion, enoxaparin sodium (doses greater than 60 mg per day), fondaparinux sodium (doses greater than 2.5 mg per day), lepirudin intravenous infusion, or argatroban intravenous infusion. Bleeding was defined as the need for blood transfusion or antidote use (phytonadione, fresh frozen plasma, platelets, protamine sulfate, prothrombin complex concentrate, or activated Factor VII) due to gastrointestinal bleed, intra-abdominal bleed, or external bleed; this did not including antidote use to reverse anticoagulation prior to a procedure. An adverse event was defined as bleeding, allergic reaction, or other medication effect requiring discontinuation of antithrombotic or anticoagulant therapy. Hemorrhagic stroke was defined as development of an intracranial hemorrhage in a different location than the ischemic stroke identified during the index hospitalization, in contrast to hemorrhagic transformation that was development of an intracranial hemorrhage in the same location as the previous ischemic stroke from the index hospitalization. Recurrent stroke was defined as readmission to the hospital due to stroke symptoms with a physician diagnosis of stroke or identification of a new stroke in a new location during index hospitalization.
Study Objectives
The primary objective of this study was to determine the percentage of patients with AF or AFL and a diagnosis of acute, ischemic stroke who received warfarin during the index hospitalization.
Secondary objectives were to determine the incidence of adverse events that required changes in antithrombotic therapy, the percentage of patients treated with bridging therapy, the incidence of adverse events associated with the use of injectable anticoagulants, and the incidence of readmission for bleeding or recurrent stroke of any type within 3 months of discharge. Patients who received tPA were excluded from the analysis of bridging therapy.
Statistical Analysis
Descriptive statistics were used to analyze the population. Categorical variables were analyzed using Fisher exact tests. A 2-sided P value less than .05 was considered statistically significant.
RESULTS
There were 210 patients who were evaluated; 10 patients were excluded. Eight patients were excluded because of active bleeding at the time of stroke diagnosis, 1 for dabigatran use, and 1 for known warfarin allergy. Baseline characteristics and comorbidities are shown in Table 1 . There was a high prevalence of stroke risk factors; the mean CHADS 2 score was 4.06. More than one-third of patients had documentation of a previous stroke or TIA prior to the index hospitalization. The median length of stay was 7 days.
The use of warfarin in this study population is summarized in Table 2 . During the index hospitalization, 103 patients (51.5%) received at least 1 dose of warfarin. A significantly higher proportion of patients who survived received warfarin compared to those who died or were discharged to hospice (60% vs 16%; P , .01). There was no significant association between prior history of stroke or TIA and warfarin use; 36 patients (52.9%) with a prior history of stroke or TIA received warfarin compared to 67 (50.8%) of those with no prior history or stroke or TIA (P 5 .88). There was no relationship between warfarin use and CHADS 2 score (P . .05), but patients with a CHADS 2 score of 3 were more likely than those with a CHADS 2 score of 4 to receive warfarin (63.8% vs 42.5%; P 5 .03). There were no other significant differences among groups. Of those discharged on warfarin, 35 (36.1%) had an INR within the therapeutic range of 2 to 3 at the time of discharge. The median INR at discharge was 1.7.
Documented reasons for not prescribing warfarin are listed in Table 3 . The most common reasons were death or admission to hospice and bleeding risk. For 17 patients (17.5%), no documentation for the lack of warfarin could be found. This included patients who were deemed ''not a candidate for anticoagulation'' without a specific contraindication. Eight patients did not receive warfarin while inpatients because of the risk of hemorrhagic transformation, but they were to be assessed for possible warfarin initiation after discharge. Only 1 patient did not receive warfarin because of the family's refusal. There were 21 adverse events that occurred during the index hospitalization: 3 hemorrhagic strokes (14.3%), 14 hemorrhagic transformations (66.7%), and 4 gastrointestinal bleeding events (19.0%). The median time to hemorrhagic transformation from the index ischemic stroke was 2 days, and all transformations occurred within 4 days. All 3 hemorrhagic strokes (100%) and 10 of the hemorrhagic transformations (71.4%) occurred in patients only receiving ASA. One hemorrhagic transformation (7.1%) occurred in a patient receiving both ASA and clopidogrel and 2 (14.2%) occurred in patients receiving only clopidogrel. The adverse event rate was lower in patients who received warfarin than those who received ASA, but it did not reach statistical significance (3.9% vs 9.3%; P 5 .14). Three (75%) of the gastrointestinal bleeding events (INRs 1.0, 1.5, 1.6) and 1 (7.1%) hemorrhagic transformation (INR 1.8) occurred in patients receiving warfarin. The rate of hemorrhagic transformation was lower in patients who received any doses of warfarin compared to those who received any doses of ASA (1.0% vs 6.8%; P 5 .03).
There were 182 patients who did not receive tPA and were included in the assessment of bridging therapy. Forty (22.0%) of these patients received bridging therapy during the index hospitalization. The median time for starting an injectable anticoagulant for bridging therapy was 2 days, and the median duration of inhospital bridging therapy was 5 days. There were no incidences of hemorrhagic stroke or transformation in patients who received bridging therapy. Three patients had a gastrointestinal bleed while receiving bridging therapy, 2 with unfractionated heparin and 1 with enoxaparin. The INRs were 1.0, 1.5, and 1.6 on the day that bleeding was identified. No other adverse events requiring changes or discontinuation of therapy occurred. None of the bleeding events required antidote administration.
There was no difference in the rate of intracranial and extracranial bleeding in patients who received bridging therapy compared to those who received antithrombotic treatment alone (7.5% vs 11.9%; P 5 .58). There was a significantly lower rate of the composite of hemorrhagic stroke or transformation in patients receiving bridging therapy compared to those who only received antithrombotic therapy (0% vs 11.3%; P 5 .03).
Sixteen patients, or 10% of those who survived the index hospitalization and were not discharged to hospice, were readmitted for an ischemic stroke or bleeding event within 3 months of discharge. Reasons for readmission and antithrombotic therapy at readmission are shown in Table 4 . Three patients were receiving warfarin monotherapy, 7 were receiving warfarin plus an antiplatelet drug, 4 were receiving ASA monotherapy, and 2 were receiving ASA plus clopidogrel. Of the 10 patients readmitted with an ischemic stroke on warfarin therapy, 5 (50%) had an INR less than 2. Bleeding events and rate of hemorrhagic transformation did not correspond to an elevated INR level. The INR was above the goal range for the 1 patient who developed a hemorrhagic stroke.
DISCUSSION
At the end of the era in which warfarin was the only oral anticoagulant available for stroke prophylaxis in AF or AFL patients, the utilization rate in this single-center, observational study was similar to that reported in previous trials from more than 10 years prior. 20, 21 This study should reflect the most contemporary practice because of the reverse chronological manner of patient enrollment. This utilization rate is (1); lesion believed to be infectious not from ischemic stroke and atrial fibrillation believed to be incidental to stress (1); ''rhythm stable'' (1); patient refused transesophageal echocardiogram and was do not resuscitate/do not intubate (1); ''rhythm controlled on metoprolol, on Aggrenox'' (1); ''recent CVA'' (1) .
also lower than that seen in previous data from Get With the Guidelines -Stroke quality improvement program, which found that 63.9% of patients with AF received warfarin after an ischemic stroke. 19 This low rate of warfarin use conflicts with consensus guidelines; warfarin was indicated in all of these patients because of a history of ischemic stroke and a CHADS 2 score greater than or equal to 2. The patients in this study would potentially derive a larger benefit from warfarin because of the high mean CHADS 2 score, indicating a high risk of subsequent ischemic strokes. It is well established that patients with the highest risk of stroke have the highest absolute risk reduction with the use of warfarin. 24 In this study, warfarin use was suboptimal and was not associated with stroke risk, as measured by CHADS 2 score. This suboptimal use of warfarin could not be explained by adverse events, because warfarin was associated with fewer adverse events than ASA during the index hospitalization. This lower rate of warfarin-associated adverse events may be due to differences in patient characteristics between those who received each treatment or because ASA was initiated sooner.
It is possible that warfarin utilization rates would be higher if they were examined at a later time after this immediate poststroke period when concern for hemorrhagic transformation is high. However, this was not possible in the current study in which only inpatient records were available. It is also possible that examining outpatient use may not have been associated with a large increase in warfarin utilization rate, because there were only 8 patients in whom the documented reason for avoiding inpatient warfarin use was the risk of hemorrhagic transformation. The initial stroke severity may have precluded the use of warfarin as nearly 20% of patients died or were discharged to hospice. The documented reasons for not initiating warfarin therapy also appear to be inappropriate in some cases, such as patients not being in AF at discharge or being ''rhythm controlled on metoprolol.''
In the patients who did receive warfarin, dosing may have also been suboptimal. More than half of these patients were discharged with a subtherapeutic INR and only 1 of the 10 patients receiving warfarin at readmission had an INR within therapeutic range. The reasons for this low rate of therapeutic INR attainment are unknown but may demonstrate the difficulty of managing warfarin therapy, especially in high-risk patients. Even among the patients who received warfarin during the index hospitalization, the benefits would not be realized if the medication could not be managed appropriately in the outpatient setting.
The use of poststroke bridging therapy was associated with relatively few adverse events. Unlike the previously mentioned study by Hallevi et al that examined bridging therapy after cardioembolic stroke, 23 there was no increase in hemorrhagic transformation or hemorrhagic stroke in our study. In fact, there were no identified incidences of hemorrhagic stroke or transformation in patients who received bridging therapy. This discrepancy may be related to patient selection. It is possible that only the patients deemed to be at a low risk for hemorrhagic transformation received bridging therapy. The efficacy of bridging therapy cannot be assessed as there was only one recurrent stroke during the index hospitalization, which occurred in a patient not receiving bridging therapy. Large, randomized trials are necessary to determine the efficacy and safety of bridging therapy after cardioembolic stroke, but this analysis suggests it may be safe in selected patients, even in the immediate poststroke period.
Several weaknesses exist with this study. It was a nonrandomized, retrospective study. Complete data were available for most but not all patients. The quality of the data relied on the quality of the documentation, which was not optimal, as demonstrated by the 17.5% of patients who did not have a specific contraindication to warfarin documented. However, records were extensively examined to obtain what data were available. Patients were also only classified on the basis of their CHADS 2 score and not their CHA 2 DS 2 -VASc score, a system that incorporates moderate risk factors of vascular disease, age 65 to 74 years, and female sex. 25 However, the CHADS 2 score was the primary risk score used in clinical practice when these patients were treated, and all of these patients were already deemed high risk.
This review was also limited by its single-center nature; other institutions may have higher or lower rates of warfarin utilization. The study site is located within the ''Stroke Belt.'' 26 A mix of private and academic neurologists, cardiologists, internists, and other physicians were involved in the care of these patients, so it may better represent real-world practices. Longterm efficacy could also not be established due to the short duration of follow-up and the possibility of death out of the hospital or admission to a different hospital.
CONCLUSION
AF is a risk factor for stroke, and the agent for prophylaxis is recommended based on risk. Guidelines recommend warfarin treatment for secondary stroke prophylaxis in this population, because of the high risk for subsequent stroke. In our study, warfarin was underutilized during the index hospitalization for acute, ischemic stroke. Warfarin use was associated with few adverse events. Bridging therapy with injectable anticoagulants also seemed to be safe in this population, but this must be assessed in larger trials.
